VISCOELASTIC FOAM LAYER AND COMPOSITION 



BACKGROUND OF THE INVENTION 
[0001] Polymeric protective foams (e.g. protective foam layers) are widely used for 
impact force attenuation in a variety of safety-related applications. These include but are not 
limited to automotive applications, sport applications, bedding applications, footwear 
applications, and etc. In general, a protective foam layer is placed adjacent or against a part 
of a person's body in order to protect that body part (e.g. a head) during an impact with, for 
example, the ground or even another person's head. 

[0002] Protective foams function by absorbing and/or dissipating the impact energy 
from the force of an impact. An energy absorbing foam deforms or crushes upon impact 
thereby consuming a portion of the impact energy so that portion does not reach the 
underlying body part. An energy dissipating foam also spreads the impact force over a 
larger surface area than the actual area of impact so that the force per unit area is decreased 
for the underlying body part compared to that for the initial impact surface (e.g. the outer 
surface of the protective layer or a hard outer shell over the protective layer). 

[0003] All rigid or semi-rigid protective foams are energy dissipating foams to some 
extent because, due to their rigidity, they do not instantaneously yield upon impact. 
Instantaneous yielding would result in the transmission of the entire impact force to the 
localized region of the underlying body part immediately beneath the protective layer at the 
point of impact. Instead, rigid and semi-rigid foam layers typically have sufficient rigidity 
to transmit at least a portion of the impact energy from the point source (impact site) to 
lateral or adjacent regions of the foam layer before the energy is transmitted to the 
underlying body part. The result is to spread the impact force over a larger area and thereby 
reduce the force per unit area experienced by the underlying body part as described above. 

[0004] However, traditional rigid and semi-rigid foams exhibit satisfactory energy 
absorption only above certain impact speeds, e.g. above about 4-7 meters/second (m/s) for 
expanded polystyrene (EPS) which is the most common rigid foam found in bicycle and 
motorcycle helmets. This is because the foam is so stiff that it must experience a minimum 
threshold impact velocity in order for there to be sufficient energy to crush the foam 
Practically, this means that up to this threshold velocity, virtually all impact energy will be 



1 



transmitted to the underlying body part and not absorbed by a rigid foam like EPS. An 
additional problem with EPS foams is that they are non-recovering; i.e. they do not recover 
or rebound to any significant degree once they have been crushed from an impact. They are 
effective for only single- impact use and then must be discarded 

[0005] Existing semi-rigid polyurethane foams address these shortcomings to some 
extent as a result of their limited viscoelastic properties. Though existing semi-rigid foams 
can be compressed or deflected at lower impact velocities to absorb some degree of the 
impact energy, they cannot effectively absorb the energy from higher velocity impacts 
compared to rigid foams like EPS. Some designers have attempted to formulate urethane 
foams that are more rigid and can provide protection similar to EPS. However, these more 
rigid urethane foams also correspondingly begin to suffer from the same drawbacks, which 
initially led the designers away from rigid foams like EPS. The more rigid the foam, the less 
it will recover after being crushed, and the poorer low to moderate impact energy absorption 
it will provide. 

[0006] Consequently, there is a need in the art for a semi-rigid viscoelastic polymeric 
foam that is rigid enough to provide adequate impact energy absorption at high impact 
speeds, e.g. 4-7 m/s or greater, and yet recovers substantially 100% after impact. Most 
preferably, such an improved foam will also provide adequate low to moderate speed impact 
protection to the underlying body part of a user of the foam 

SUMMARY OF THE INVENTION 
[0007] A viscoelastic foam made from a Part A composition and a Part B 
composition is provided The Part A composition has 20-50 weight percent isocyanate 
(NCO), and the Part B composition has at least 20 parts by weight of a first, amine-based 
polyether polyol, at least 10 parts by weight of a second polyol selected from the group 
consisting of filled polyether polyols and unfilled polyether polyols, and 0.4-4 parts by 
weight catalyst. The Part A and Part B compositions are combined to provide the 
viscoelastic foam. The foam has an index of 70-130. 

[0008] A further viscoelastic foam made from a Part A composition and a Part B 
composition is provided The Part A composition has 20-50 weight percent isocyanate 
(NCO), and the Part B composition has at least 20 parts by weight of a first, amine-based 
polyether polyol, at least 10 parts by weight of a second, tri- functional polyether polyol, and 
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0.4-4 parts by weight catalyst. The Part A and Part B compositions are combined to provide 
the viscoelastic foam The foam has an index of 70-130. 

[0009] A method of making a viscoelastic foam is also provided including the 
following steps: a) providing a Part A composition having 20-50 weight percent isocyanate; 
b) providing a Part B composition having at least 20 parts by weight amine-based polyether 
polyol, at least 10 parts by weight of a polyol selected from the group consisting of filled 
polyether polyols and unfilled polyether polyols, and 0.4-4 parts by weight catalyst; and c) 
combining the Part A and Part B compositions to provide the viscoelastic foam The 
resulting foam has an index of 70-130. 

[0010] A further method of making a viscoelastic foam is provided including the 
following steps of: a) providing a Part A composition having 20-50 weight percent 
isocyanate; b) providing a Part B composition having at least 20 parts by weight amine- 
based polyether polyol, at least 10 parts by weight of a tri-functional polyether polyol, and 
0.4-4 parts by weight catalyst; and c) combining the Part A and Part B compositions to 
provide the viscoelastic foam The resulting foam has an index of 70-130. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[001 1] Fig. 1 is a graph of acceleration versus velocity comparing the performance 
of the invented viscoelastic foam of Example 1 with expanded polystyrene using a flat 
impactor. 

[0012] Fig. 2 is a graph of percent compression versus velocity comparing the 
performance of the invented viscoelastic foam of Example 1 with expanded polystyrene 
using a flat impactor. 

[0013] Fig. 3 is a graph similar to that of Fig. 1, except that a spherical impactor was 

used. 

[0010] Fig. 4 is a graph similar to that of Fig. 2, except that a spherical impactor was 

used. 
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[001 1] Fig. 5-8 are graphs of additional physical property data measured for the 
invented viscoelastic foam of Example 1 using a flat impact or for impact velocities ranging 
from 2 m/s to 7 m/s. 

[0012] Figs. 9-12 are graphs of additional physical property data measured for the 
invented viscoelastic foam of Example 1 using a spherical impactor for impact velocities 
ranging from 2 m/s to 7 m/s. 

[0013] Figs. 13-16 are graphs of physical property data measured for the invented 
viscoelastic foam of Example 2 using a spherical impactor for impact velocities ranging 
from 2 m/s to 7 m/s. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE 

INVENTION 

[0014] A technology based upon a novel polyol mixture has now been developed 
which allows for the production of molded energy absorbing foams that possess the desired 
characteristics of absorbing both high (above 4-7 m/s) and low speed dynamic impacts 
without permanent deformation. As used herein, when a range such as 5-25 (or 5 to 25) is 
given, this means preferably at least 5 and, separately and independently, preferably not 
more than 25. Unless otherwise explicitly indicated, all parts herein are parts by weight. 

[0015] A composition and method of making the invented viscoelastic polymeric 
foam is provided The invented foam is preferably prepared by blending a Part B 
composition with a Part A composition. The Part A and B compositions are preferably 
prepared separately. Table 1 below discloses the compositions of Parts A and B that are 
subsequently blended to provide examples of the invented viscoelastic polymeric foam In 
Table 1, for Part A all values are weight percents with respect to the total composition of 
Part A. For Part B, all values are parts by weight with respect to the total composition of 
Part B. For each of Parts A and B, any less preferred or more preferred concentration or 
range for any one component can be combined with any less preferred or more preferred 
concentration or range for any of the other components; it is not necessary or required that 
all of the concentrations or ranges for all of the components for either Part A or Part B come 
from the same column. 
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Table 1 : Part A and B Compositions for Invented Viscoelastic Foam 



Component 


Preferred 


Less Less 
Preferred Preferred 


Part A 




—Weight Percent- 




Isocyanate (%NCO) 


about 23 


22 ~ 26 16-45 
18-40 14toab °ut50 


PartB 




Parts By Weight ■ 








Amine -based 
polyether polyol 


49-51 
45-55 


40-60 
35-65 


JU-/U 
25-75 
20-80 


Filled polyether 
polyol 


24-25 
22-28 


20-30 
18-32 
15-35 


12-36 
10-40 
0-50 


Unfilled polyether 
polyol 


24.5-25.5 
22-28 


20-30 
18-32 
15-35 


12-36 
10-40 
0-50 






1.7-2.1 
1.6-2.2 
1.5-2.3 


1.4-2.4 


Catalyst 


0.4-2.5 
0.5-2.05 


1.3-2.5 

1-3 
0.5-4 


Blowing agent 


3 


2.8-3.2 
2.5-4 


2.2-4.2 
2-4.5 
0.5-5 

5-7 


Black paste 


6 


5.8-6.2 
5.5-6.5 


4-8 
2-10 
0-15 



[0016] Each of the components from Table 1 above will now be discussed The Part 
B components are discussed first. 

[0017] The amine-based polyether polyol component is provided to impart strength 
and durability to the finished viscoelastic foam Amine-based polyols are more reactive than 
non-amine-based polyols that are typically used in viscoelastic foams. A wide variety of 
amine-based polyols are known in the art, such as monoethanolamine-based polyether 
polyols, diethanolamine-based polyether polyols, ethylenediamine-based polyether polyols 
and triethanolamine-based polyether polyols. Preferably, the amine-based polyether polyol 
has a propylene oxide (less preferably ethylene oxide) extended tip, and is at least 2, 
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preferably at least 3 or 4, functional; i.e. the amine -based polyether polyol preferably has at 
least 2, preferably at least 3 or 4, functional reactive sites per molecule. 

[0018] In one embodiment, the invented viscoelastic foam could comprise only a 
single amine-based polyether polyol that is at least 3-functional and has an OH number less 
than 150. In this embodiment, the amine-based polyol is preferably a diamine-based polyol, 
preferably ethylene diamine, which is 4 functional. 

[0019] Most preferably, the amine-based polyether polyol component is a mixture of 
amine-based polyether polyols where the sum of the weights of all such polyols corresponds 
to the parts by weight listed in Table 1 for the amine-based polyol component. In a 
preferred embodiment, the amine-based polyol component is comprised of the following 
three polyols in the following preferred parts by weight: 

1. Monoethanolamine-based polyol: 1-15, preferably 2-14.5, preferably 3-14, 
preferably 4-13.5, preferably 5-12, preferably 7-11.5, preferably 8-11, preferably 9-10, 
preferably about 9.5; 

2. Triethanol amine-based polyol: 5-30, preferably 6-25, preferably 7-20, 
preferably 8-15, preferably 9-12, preferably 10-11, preferably about 10.5; and 

3. Ethylenediamine-based polyol: 1 6-50, preferably 1 8-48, preferably 20-46, 
preferably 22-40, preferably 24-38, preferably 26-36, preferably 28-34, preferably about 31. 

[0020] Most preferably, each of the above amine-based polyol(s) is propylene oxide 
tipped in order to slow the foam reaction rate, and at least 3-functional; a diamine-based 
polyol preferably is 4-functional. 

[0021] The above combination of amine-based polyols, when combined with the 
other components listed in Table 1 and reacted as described below, has been found to 
produce excellent viscoelastic foams that mold well, have good mold release characteristics 
and are very strong (comparable to EPS for high energy impacts) foams that recover 
substantially 100% after impact. 

[0022] The filled polyether polyol component preferably is at least tri- functional and 
preferably is glycerin based Less preferably, filled polyether polyols of higher or lower 
functionality could be used. The filled polyol functions as a cell-opener during the foaming 
reaction. Secondarily, the filled polyol also provides some measure of stiffness to the foam 
as a result of the filler material Preferably, the filler is styrene-acrylonitrile (SAN), and is 
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present in the polyol in a concentration of 20-60, preferably 35-50 percent by weight. 
Alternatively, other suitable filled polyether polyols known or conventional in the art can be 
used. Selection of a polyol having comparable properties to an SAN filled polyether polyol 
is within the ability of a person of ordinary skill in the art. 

[0023] The unfilled polyether polyol component preferably is also at least tri- 
functional and preferably also is glycerin based. Less preferably, other unfilled polyether 
polyols could be used; e.g. 2 to 6 functional unfilled polyether polyols. The unfilled polyol 
component provides flexibility and recoverability to the foam, to complement the strength, 
endurance and rigidity imparted by the amine-based polyol component. Alternatively, other 
suitable unfilled polyether polyols known or conventional in the art can be used. Selection 
of an unfilled polyol having comparable properties to those of the polyol used in the 
invention is within the ability of a person of ordinary skill in the art. 

[0024] From the above two paragraphs, one can see that both the filled and unfilled 
polyether polyol components are preferably tri- functional. It is important to note that, while 
Table 1 indicates in the right-most column that the concentration of each of these 
components in the Part B composition can be zero, they cannot both be zero; there must be 
at least one of either the unfilled polyol or the filled polyol conponents in the Part B 
conposition. In the event that only a single filled or unfilled polyether polyol is used, it is 
preferably a filled polyol, and preferably has a high molecular weight, e.g. at least 3000- 
6000 for di-fiinctional polyols, and at least 5000-10000 for tri- functional polyols. If only a 
single filled or unfilled polyol is to be used, preferably it is provided in the Part B 
composition in an amount of 10-75, preferably 15-70, preferably 20-65, preferably 30-60 
parts by weight. 

[0025] The catalyst component is preferably a mixture of catalysts, which have been 
found to promote a good foaming reaction and the successful production of the preferred 
foam product from the components listed in Table 1 . The catalyst component may include 
any of the following three types of catalysts where the sum of the weights of each catalyst 
corresponds to the parts by weight listed in Table 1 for the catalyst component: 

1. Amine catalyst: Preferably one or more tertiary amine catalysts in an amount 
of 0.4-2.5 parts by weight. 
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2. Delayed action catalyst: 0*1 parts by weight (preferably 0.001-1) parts by 
weight. 

3. Trimer catalyst: Preferably a quaternary ammonium salt trimer catalyst in an 
amount of 0-1 (preferably 0.05-1) parts by weight. 

[0026] Alternatively, the catalyst component can be any other suitable catalyst or 
catalysts selected by a person of ordinary skill in the art to provide suitable foaming to 
provide the invented viscoelastic foam having the physical properties and other 
characteristics herein described. The above stated catalysts have been found to provide a 
highly desirable foam according to the invention where it is believed that the amine catalyst 
affords good foam processing and moldability. Where used, the delayed action catalyst 
simultaneously promotes good curing of the foam and good skin cure and, where used, the 
trimer catalyst acts as a blowing catalyst to expand the foam during the foaming reaction as 
well as functioning as a high index gel catalyst. The preferred catalyst system results in very 
easily processable foams. The preferred catalyst systems are stable, in that each of the listed 
catalysts is stable with respect to one another. 

[0027] The blowing agent component is preferably water, preferably distilled, 
deionized water to prevent unwanted impurities from entering the foaming composition 
and/or interfering with the foam reaction. The water reacts with the isocyanate component 
from the Part A composition to produce C0 2 (via a catalyzed mechanism using the catalysts 
described above). The production and expansion of C0 2 is responsible for foaming and 
expansion as is generally understood by persons of ordinary skill in the art. Less preferably, 
other suitable blowing agents could be used. 

[0028] The black paste component is a conventional carbon-based pigment in a 
polyether carrier known in the art. Preferably the black paste has an OH number of about 
20-1 50. The black paste provides pigmentation to the finished foam product. 

[0029] By convention, the amounts of all the polyether polyol components from 
Table 1 sum to 100 parts by weight in the part B composition. In other words, the total parts 
by weight of the amine-based polyol and the filled and unfilled polyols equals 1 00 parts by 
weight in Part B, with the remaining components (catalyst, blowing agent, etc.) being 
present in the preferred parts by weight listed in Table 1 . 
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[0030] In the Part A composition, the isocyanate is provided. The isocyanate can be 
provided in any suitable functional form, though the most typical is in the form of pure or 
modified 4,4'-bisphenylmethane diisocyanate or methylene bisphenyl diisocyanate (MDI). 
MDI is a commercially available source of isocyanate and is a solid crystalline substance 
provided as a white to yellowish powder or flakes. Pure MDI contains about 33.6% 
isocyanate (NCO) by weight. So if Part A is comprised exclusively of MDI powder or 
flakes, then the Part A composition has ~ 33.6% NCO. MDI is preferred because it is 
di- functional; i.e. each MDI molecule contains two reactive NCO sites. However, being a 
solid, MDI can result in some processing difficulties. 

[003 1] Modified MDI products that are liquids are preferred sources of isocyanate. 
Most preferably, the isocyanate is provided in the Part A composition as an allophanate- 
modified MDI prepolymer. MDI can be reacted with alcohols via a known reaction 
mechanism to provide the allophanate-modified MDI prepolymers. Like MDI, the 
allophanate-modified MDI molecule is also di-fimctional, having two reactive NCO sites. 
However, unlike MDI, the allophanate-modified MDI prepolymer can be a liquid at standard 
temperature and pressure (298K and 1 atm). This greatly simplifies foam processing. The 
allophanate-modified MDI molecule has a higher molecular weight than MDI. Hence it has 
a lower effectively concentration of NCO, typically about 20-30%. So, to achieve an 
equivalent amount of NCO, a larger mass of the allophanate-modified MDI must be 
provided compared to unmodified MDI. Less preferably, other NCO-containing 
prepolymers known in the art, e.g. other MDI prepolymers, TDI (toluene diisocyanate) 
prepolymers and the like can be used Less preferably, mixtures of different types of 
prepolymers may also be used 

[0032] It will be understood that in Table 1 the weight percent concentrations listed 
for isocyanate (%NCO) in the Part A composition are for the isocyanate (NCO) functional 
groups alone, excluding the weight of the molecule(s) to which the NCO groups are 
attached So, for example, if the Part A composition consists of 100 weight percent 
allophanate-modified MDI prepolymer, (the most preferred embodiment), then NCO is 
present in the Part A composition in a concentration of typically 20-30% weight percent (see 
above paragraph). 

[0033] Once the Part A and B compositions are prepared as described above, they 
are combined and poured or injected into a molding cavity and allowed to react. A typical 
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reaction time is 3-15, preferably about 5-7 minutes, after which the finished foam part can be 
de-molded. The Part A and Part B compositions are combined in the mold in a particular 
ratio to achieve the desired index for the foaming reaction. Index is defined as the following 
stoichiometric ratio: 

j nc [ ex = lOOx Number of equivalents ofisocvanate in Part A 

Number of equivalents of isocyanate reactive materials in Part B 

[0034] Preferably, the Part A and Part B compositions are combined to provide an 
index of 70-130, preferably 75-120, preferably 80-1 15, preferably 90-100. The resulting 
viscoelastic foam is very stiff, largely due to the structure of the isocyanate in the finished 
foam product, but is still a semi-rigid viscoelastic foam that recovers substantially 100% 
even after a high-energy impact; e.g. 4-7 m/s or greater. 

[0035] It is important for a viscoelastic foam according to the invention to have an 
amine-basedpolyol or polyol system to impart strength, recoverability, endurance and 
rigidity to the foam, and to have appropriately selected high molecular weight filled and/or 
unfilled polyol or polyols in combination with the amine-based polyol to provide the desired 
flexibility to the foam The combination of amine-based and filled and/or unfilled polyols 
described above has been found to provide a semi-rigid viscoelastic foam with excellent 
impact and recovery properties. The invented foams recover to substantially 100% of their 
initial volume and shape following an impact, yet display high stiffness and flexibility so 
that they are effective at absorbing high as well as low-energy impacts. If the amine-based 
polyols are to be eliminated in favor of non-amine polyols of similar molecular weight, then 
the composition will usually include a suitable surfactant to function as a foam stabilizer or 
alternatively as a cell-opening agent during foaming. Silicones are typical surfactants used 
for this purpose. These types of surfactants are not recommended in the present invention 
as they can result in post-demold expansion of the finished foam product. This is highly 
undesirable. 

[0036] It will be understood that additional components that are known or 
conventional in the art can be added in conventional amounts to either the Part A or Part B 
compositions described Such additional components may be selected by a person having 
ordinary skill in the art to impart additional desired properties to the invented foam without 
substantially detracting from its improved and novel characteristics. Some such additional 
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components may include reactive and non-reactive fillers, silicones, cross-linking agents, 
amine terminated polyethers, anti-microbial agents, fire retardants, plasticizers, colorants 
and pigments, chain extenders, etc. 

EXAMPLES 

Example 1 

[0037] Eight foams were prepared from compositions according to the invention. 
Each of the eight foams was prepared by combining Part A and Part B compositions having 
the components in the amounts listed in Table 2 below for the respective foam 

Table 2: Part A and B compositions for eight foams prepared according to the invention 

Foam 

1 2 3 4 5 6 7 8 



Element Part B [components listed in part by weight (pbw)] 



Monoethanolamine- 
based polyol 


/ 


4 


9.5 


9.5 


11 


15 


14 


9.5 


Triethanolamine- 
based polyol 


25 


21 


10.5 


10.5 


/ 


/ 


11 


10.5 


Ethylenediamine- 
Based polyol 


26 


26 


31 


31 


40 


36 


26 


/ 


Filled polyol 


24 


24 


24 


49 


24 


24 


24 


16 


Unfilled polyol 


25 


25 


25 


/ 


25 


25 


25 


64 


Black Paste 


6 


6 


6 


6 


6 


6 


6 


6 


Water 


3 


3 


3 


3 


3 


3 


2.5 


4 


Catalyst 1 


1 


1.25 


1.5 


1.5 


1.15 


0.85 


0.9 


0.35 


Catalyst 2 


/ 


/ 


0.05 


/ 


0.1 


0.175 


0.15 


0.25 


Catalyst 3 


1 


0.25 


/ 


/ 


/ 


/ 


/ 


/ 


Catalyst 4 


0.5 


0.5 


/ 


/ 


/ 


/ 


/ 


/ 




Part A 














Isocyanate (wt.%) 


23 


23 


23 


23 


23 


23 


23 


23 


Foam Index 


115 


107 


99 


100 


99 


96 


100 


95 
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[0038] In Table 2, the following listed elements represent the following components: 

The monoethanolamine-based polyol is a polyether polyol having an OH No. of 
about 700; 

The triethanolamine-based polyol is a polyether polyol having an OH No. of about 
150; 

The ethylenediamine-based polyol is a polyether polyol having an OH No. of about 

60; 

The filled polyol is an SAN-filled polyether polyol having an OH No. of about 20; 

The unfilled polyol is also a polyether polyol having an OH No. of about 35; 

The Black Paste is a carbon black pigment dispersion, OH No. 105, available from 
Ferro Corporation as Blue Shade LV Super Black; 

Catalyst 1 is an amine catalyst, OH No. 560, available from Air Products and 
Chemicals, Inc. as DABCO 33-LV; 

Catalyst 2 is an amine catalyst, OH No. 251, available from Air Products and 
Chemicals, Inc. as DABCO BL-11; 

Catalyst 3 is an delayed action catalyst, OH No. 689, available from Air Products and 
Chemicals, Inc. as DABCO DC-1; 

Catalyst 4 is an trimerization catalyst, OH No. 687, available from Air Products and 
Chemicals, Inc. as DABCO TMR-4; 

Isocyanate is an allophanate modified MDI, 23 wt.% NCO, available from Bayer 
Corporation as Mondur MA-2300. 

[0039] As explained above, 23% NCO in the Part A composition of Table 2 means 
that Part A consists essentially of 100 wt.% allophanate modified MDI, about 23 wt.% of 
which consists in the NCO functional groups. 

[0040] Each of the eight foams whose composition is listed in Table 2 was prepared 
according to the following method. The Part B components for each foam were preblended 
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and then mixed for 10 seconds with the Part A component in a 1 pint cup. The mixed 
material was then poured into a preheated (1 15-125°F) aluminum tool (5.5" x 5.5" x 1.0"). 
The tool was sealed with an aluminum lid using an air clamp at 80 psi and the foam allowed 
to expand and cure for 5-7 minutes. The foam plaque was then demolded and allowed to 
age a minimum of 24 hours prior to dynamic testing. Each of these eight foams was then 
subjected to dynamic impact testing in comparison to conventional expanded polystyrene 
(EPS) foam The results of the dynamic testing of each of the eight foams according to the 
invention and of the EPS comparator are shown in Table 3. 

Table 3: Physical prroperty data for dynamic impact /spherical impactor 
Foam Plaques with a .097" (high density polyethylene) HDPE Cover 



Foam 


1 


2 


3 


4 


5 


6 


7 


8 


EPS 


Temperature(°F) 


78 


78 


78 


78 


78 


78 


78 


78 


78 


Density (pcf) 


6.51 


6.55 


6.94 


6.65 


6.71 


6.61 


6.62 


6.69 


5.0 


Impaact Velocity (m/s) 


6.23 


6.23 


6.24 


6.23 


6.23 


6.25 


6.24 


6.23 


6.23 


Peak g-value 


215 


205 


190 


187 


199 


184 


180 


188 


200 



Example 2 

[0041] In another experiment, a foam according to the invention was compared to 
EPS to test break-through acceleration and percent compression versus impact velocity 
according to ASTM F2040. In this experiment, the Foam No. 2 from Table 2 was used and 
compared to EPS. The test samples for each of the invented and EPS foams were square 
samples measuring 5.5" x 5.5" x 1" thick. The tests were conducted first using a flat circular 
impactor having a 4-inch diameter, and then using a spherical impactor that also had a 4- 
inch diameter. The results are provided in Figs. 1-2 and 3-4 for the flat and spherical 
impactors respectively. As can be seen from Fig. 1 , using the flat impactor the invented 
foam exhibited significantly less breakthrough acceleration than EPS for impact velocities 
from 2 to about 6.5 m/s (i.e. resulting from unabsorbed energy which was transmitted 
through the foam); the invented foam exhibited about 50% less breakthrough acceleration 
measured in g's from 2 to about 6 m/s. Also, from Fig. 2, using the flat impactor the 
invented foam exhibited a greater degree of compression compared to EPS across the entire 
tested range of impact velocities, from 2 to about 6.5 m/s. This may help explain why the 
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resulting breakthrough acceleration was lower for the invented foam than for the EPS as 
described above. It is also noteworthy that following the impact tests, the invented foam 
recovered to substantially 100% of its initial volume and shape with no or negligible 
noticeable loss of rigidity or strength. Whereas, after each impact, the EPS was irreversibly 
crushed and was replaced with a fresh EPS test foam in order to conduct an additional 
impact test at a different impact velocity. 

[0042] Fig. 3 shows the acceleration versus velocity data for the spherical impactor 
experiment. From the figure, it can be seen that the invented foam exhibited superior 
breakthrough acceleration abatement compared to the EPS for low to moderate impact 
speeds, e.g. from 2 to about 5.8 m/s. Also, Fig. 4 shows the invented foam exhibited 
superior percent compression across the entire range of tested impact speeds, from 2 to about 
6.5 m/s. 

[0043] Figs. 5-12 provide additional physical property data for the viscoelastic foam 
according to the invention. The data in Figs. 5-8 were measured using a flat impactor as 
described above, and the data in Figs. 9-12 were measured using a spherical impactor as 
described above. As can be seen from the data, the invented foam provides excellent 
strength and impact absorption characteristics, while retaining its viscoelasticity and 
substantially recovering 100% following an impact. 

[0044] The foams according to the invention are highly resilient, highly-rigidity 
recoverable semi-rigid viscoelastic foams that are capable of absorbing impact energy from 
high-energy impacts (4-7 m/s or greater) to a comparable degree relative to conventional 
EPS foams. Unlike EPS, however, the invented foams are viscoelastic and recover well 
following an impact meaning that the foams can be reused and need not be discarded after 
each impact. In addition, because the invented foams are viscoelastic foams and not a rigid 
foam like EPS, the invented foams can effectively absorb and deflect the impact energy from 
low to moderate impact speeds. EPS is useless for this purpose because it has virtually no 
energy absorbing capacity at or below its threshold crush velocity. Below this velocity, EPS 
acts as a rigid solid and transmits virtually all impact energy to the underlying body part of 
the user. 
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[0045] It will be understood from the above that the formulation of the invented 
foam can be tuned to provide a relatively stiffer or more flexible foam depending on the 
particular application, but generally the invented foam is a stiff semi-rigid viscoelastic foam 

[0046] In an alternative embodiment, surprisingly it has been found that the polyol 
composition of the present invention may be reacted with the isocyanate of the present 
invention without the use of added water (or other blowing agent) to produce a higher 
density foamed (45-60 pcf) elastomer with excellent energy (vibrational) absorption 
characteristics. This type of material could function as a vibration isolator or dampener for 
delicate equipment during transportation or while in use. 

[0047] Although the above-described embodiments constitute the preferred 
embodiments, it will be understood that various changes or modifications can be made 
thereto without departing from the spirit and the scope of the present invention as set forth in 
the appended claims. 
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